Background: Disturbances in emotion regulation and sleep are shared across anxiety and mood disorders. Poor sleep has been shown to impair cognitive processes which may undermine cognitive regulatory function. However, it remains unknown if sleep quality impacts regulatory mechanisms in clinical anxiety and depression.
INTRODUCTION
Sleep is crucial to brain function and the adverse cognitive and emotional effects resulting from sleep deficiency are well known (Czeisler, 2011; LeBlanc et al., 2007) . A growing body of neuroimaging data Abbreviations: DACC, dorsal anterior cingulate cortex; gSAD, generalized social anxiety disorder; GAD, generalized anxiety disorder; HAM-D, Hamilton Depression Rating Scale; HAM-A, Hamilton Anxiety Rating Scale; MDD, major depressive disorder; MNI, Montreal Neurological Institute; PFC, prefrontal cortex; PSQI, Pittsburgh Sleep Quality Index; ROI, regions of interest; SPSS, Statistical Package for the Social Sciences; WASO, wake after sleep onset signify that a frontolimbic network plays a role in sleep-emotion interactions. That is, studies independent of sleep have established that prefrontal and anterior cingulate cortices regulate subcortical emotion processing regions (e.g., amygdala) (Etkin, Egner, & Kalisch, 2011; Hariri, Mattay, Tessitore, Fera, & Weinberger, 2003) . Furthermore, investigations of emotion processing as they pertain to sleep mechanisms have shown less sleep alters frontolimbic connections resulting in hyperlimbic reactivity to negative stimuli (Gruber & Cassoff, 2014) .
For example, sleep deficiency decreases medial prefrontal cortex (PFC) amygdala connectivity and anterior cingulate cortex-amygdala connectivity in the presence of negative stimuli (Motomura et al., 2013; Yoo, Gujar, Hu, Jolesz, & Walker, 2007) . Findings indicate poor sleep disrupts top-down control of amygdala response to salient stimuli.
Sleep loss also impairs higher-order performance in specific domains (e.g., attention, working memory) (Lim & Dinges, 2010) integral to executing complex cognitive tasks such as 'reappraisal' .
Reappraisal is a well-researched adaptive regulation strategy directed at altering (e.g., reinterpreting) a stimulus to change the trajectory of an emotional response or reduce the negative affective state it would otherwise evoke (Gross, 1999) . Meta-analytic studies show reappraisal consistently recruits a large-scale cognitive control network (Buhle et al., 2014; Messina, Bianco, Sambin, & Viviani, 2016) , therefore, we might expect sleep quality to impact emotion regulation. In support, Minkel and colleagues (2012) In patients with anxiety and mood disorders such as major depressive disorder, several lines of research point to strong links between these psychiatric illnesses and poor sleep. In studies that tracked sleep patterns over the course of anxiety and depression, the onset of sleep disturbance commonly occurred at the time symptoms manifested (e.g., 80% of cases in anxiety) (Breslau, Roth, Rosenthal, & Andreski, 1996; Ford & Kamerow, 1989; Gregory et al., 2005; Ohayon & Roth, 2003) and frequently preceded relapse (e.g., 56% of mood disorder cases) (Ford & Kamerow, 1989; Gillin, 1998; Gregory et al., 2005; Ohayon & Roth, 2003) . Findings are in line with reports that poor sleep is a risk factor in the development and maintenance of mood disorders (Ford & Kamerow, 1989; Gillin, 1998; Gregory et al., 2005) . Problematic sleep has also been shown to exacerbate symptom severity (Cox & Olatunji, 2016) and may reflect the general influence sleep has on the capacity to regulate emotions (Gruber & Cassoff, 2014) . In further support of close ties between mood and sleep, 40-50% of individuals who suffer from sleep difficulties have a concurrent psychiatric disorder (Ford & Kamerow, 1989; Gillin, 1998; Gregory et al., 2005) .
Collectively, associations between negative mood and sleep are multifaceted and bidirectional yet we know little about the effect of sleep on emotion regulation mechanisms in anxiety and depression (Gruber & Cassoff, 2014) .
Adding to the complexity in understanding these relationships is the means by which sleep is evaluated. For example, the Pittsburgh Sleep Quality Index (PSQI) is the most frequently used general measure of sleep in clinical and research settings (Mollayeva et al., 2016) , however, as a self-report questionnaire (Buysse et al., 1989) , it is subject to bias. In contrast, actigraphy relies on the continuous recording of activity/inactivity 24-hr a day to estimate sleep quality (Ancoli-Israel et al., 2003) . As a result, these measures likely capture different aspects of sleep as evinced by reports of discrepancy between such measures (Girschik, Fritschi, Heyworth, & Waters, 2012; Mccall & Mccall, 2012 To date, studies of emotion regulatory brain function, independent of sleep, have shown reduced and/or inefficient activity in structures that support cognitive reappraisal (e.g., anterior cingulate cortex, dorsolateral PFC) in anxious or depressed individuals relative to healthy participants (Ball, Ramsawh, Campbell-Sills, Paulus, & Stein, 2013; Dillon & Pizzagalli, 2013; Goldin, Manber, Hakimi, Canli, & Gross, 2009; Goldin, Manber-Ball, Werner, Heimberg, & Gross, 2009; Heller et al., 2013; Johnstone, van Reekum, Urry, Kalin, & Davidson, 2007; Kanske, Heissler, Schönfelder, & Wessa, 2012; New et al., 2009; Rabinak et al., 2014; Smoski, Keng, Schiller, Minkel, & Dichter, 2013 ). Yet, the extent to which naturalistic sleep impacts such regions in these internalizing conditions is unknown. Therefore, the primary aim of the current study was to examine the relationship between sleep and reappraiserelated neurofunctional activity in anxious and depressed patients with the PSQI and actigraphy. We hypothesized greater sleep disturbance would correspond with less engagement in frontal regions critically involved in reappraisal (Buhle et al., 2014; Messina et al., 2016) . Behaviorally, we hypothesized a lack of concordance between self-report and actigraphy estimates of sleep quality. Additionally, we explored relationships among subjective and objective sleep measures and symptoms.
METHOD

Participants
As part of a research study evaluating mechanisms of change associated with standard psychotherapy or pharmacotherapy intervention, treatment-seeking adults ages 18 to 65 years old experiencing generalized anxiety disorder (GAD), generalized social anxiety disorder (gSAD), or major depressive disorder (MDD) were recruited via flyers posted throughout the communities, newspaper, and internet advertisements. Interested participants completed a phone screen followed by a psychiatric evaluation during which time they reviewed the consent form as approved by the local Institutional Review Board at the University of Illinois at Chicago. After attaining consent, participants met with a Master's-level clinician trained in the Structured Clinical Interview for DSM-IV ("SCID-IV"; First, Spitzer, Gibbon, & Williams, 1995) , which determined diagnosis, and completed clinicianadministered measures. Comorbidity was permitted, therefore, the Hamilton Depression Rating Scale ("HAM-D"; Hamilton, 1960) and Hamilton Anxiety Rating Scale ("HAM-A"; Hamilton, 1959) were used to assess symptom severity across disorders. All measures were collected within a week of the fMRI scan and participants were required to test negative on a urine toxicology screen before the scan.
All participants were free of major medical and neurological illness as confirmed by a board-certified physician. Exclusion criteria included contraindications to magnetic resonance imaging (e.g., pregnancy, nonremovable ferrous objects), current substance dependence (within 6 months of the study), history of other major psychiatric illness (e.g., bipolar disorder, psychotic disorders), or current cognitive dysfunction (e.g., traumatic brain injury, pervasive developmental disorder). All participants were compensated for their time and all procedures complied with the Helsinki Declaration.
Subjective and objective sleep measures
Self-reported sleep quality was evaluated with the PSQI global score, a 19-item questionnaire that assesses sleep over the period of a month (Buysse et al., 1989) . Higher scores indicate worse sleep and a PSQI global score >5 denotes problematic sleep (sensitivity 89.6%, specificity 86.5%) (Buysse et al., 1989) . For an objective estimate of sleep quality actigraphy was used. Actigraphy variables were sleep efficiency (average percentage of time asleep), duration (average number of minutes slept), wake after sleep onset ("WASO"; average number of minutes awake after initial onset of sleep), and latency (average number of minutes between going to bed and falling asleep). All variables were used in analysis except latency due to its reduced reliability (Martin & Hakim, 2011 ).
In the Statistical Package for the Social Sciences (SPSS) (Chicago, IL version 22), sleep measures were examined to determine if assumptions of normality were met (i.e., Shapiro-Wilk test, skewness between −1 and 1) (Leech, Barrett, & Moran, 2005; Peat & Barton, 2005) . Tests for normality revealed the PSQI global score and actigraphy efficiency, duration, and WASO variables were not normally distributed (e.g., all P's < .05 for Shapiro-Wilk). Additionally, sleep efficiency and WASO variables exceeded skewness limits. Consequently, all measures were log-transformed though normalization of sleep duration was achieved with Box Cox transformation. Accordingly, transformed data were used in all neuroimaging regression analysis. Subsequently, these data were back-transformed to their original scale for ease of interpretation.
Pearson's correlations were conducted to examine relationships between subjective/PSQI and objective/actigraph measures, associations between sleep measures and symptom severity, and to illustrate significant neuroimaging findings. All Pearson's correlations were twotailed with level 0.05.
Actigraphy methods
A wrist-worn accelerometer, the Actiwatch 2 TM (Minimitter, Philips Respironics, Andover MA), was placed on the participant's nondominant wrist and participants were instructed to maintain a sleep diary and record habitual sleep times. The omnidirectional accelerometer uses a piezoelectric sensor to monitor the occurrence and degree of motion. The motion sensor integrates degree and speed of motion, and this information is stored in the Actiwatch 2 memory as activity counts; the data were stored in 15-s epochs. The Actiwatch was programmed for start time and data collection interval and data were retrieved for analysis via a PC interface scoring software (Actiware 5.70) provided with the accelerometer. Activity counts were scored as sleep or wake epochs using the software, and the software automatically assigned rest, sleep, and active intervals based on activity counts. An automated analysis was used to determine sleep start by searching for the first 10 min during which no more than one epoch was scored as "wake." The default software settings were used for the analysis (10 immobile or mobile minutes for sleep onset or end and a wake activity count threshold of 40). All actigraphy data were evaluated by a trained scorer who used a standardized approach to check the periods when the subject was trying to sleep (rest interval) based on event markers, sleep diary, light intensity, and activity. One main rest interval at night was identified as the period for sleep. Sleep variables (e.g., efficiency, duration)
were scored for each 24-hr period and a mean was computed.
fMRI task
The fMRI emotion regulation task (ERT) is based on paradigms previously validated in other laboratories (Ochsner, Bunge, Gross, & Gabrieli, 2002) and in our laboratory in healthy participants (Phan et al., 2005) and patient cohorts (MacNamara et al., 2016; Rabinak et al., 2014) . Consistent with these studies, participants were instructed to: (1) use a cognitive strategy to reduce negative affect to aversive images (Reappraise); (2) attend to the emotional state elicited by aversive images (Maintain); or (3) view neutral images (Look). Prior to the scan, participants were instructed on the strategy of reappraisal (Ochsner et al., 2002; Phan et al., 2005) ; all conditions were practiced with images not used in the experiment.
The task comprised 64 unpleasant and 32 neutral International Affective Picture System images (Lang, Bradley, & Cuthbert, 2008) .
There were eight 20-s blocks of each condition (four images presented for 5 s each), which were interspersed with 20-s baseline blocks (i.e., fixation cross). At the beginning of each block, the instruction to "Reappraise, " "Maintain, " or "Look" appeared on a screen for 5 s. Immediately following each task block, participants were asked to rate "How negative do you feel?" on a 5-point scale (1 = not at all, 5 = extremely) via button response. The order of blocks was pseudorandomized over two separate runs of 5 min each.
fMRI data acquisition and preprocessing
Scanning was conducted on a 3 T GE Signa System (General Electric; Milwaukee, WI) and performed with blood oxygen-level dependent (BOLD) sensitive whole-brain fMRI. Images were acquired using a gradient-echo echo-planar imaging sequence with the following parameters: TR = 2 s, TE = 25 ms, flip angle = 90°, field of view = 22 × 22 cm 2 , acquisition matrix 64 × 64; 44 axial, 3-mm-thick slices with no gap. For anatomical localization, a high-resolution, T1-weighted volumetric anatomical scan was acquired.
Data from all participants met criteria for quality with minimal motion correction (movements were <3 mm and <3 degrees rotation in any one direction) and the first four volumes from each run were discarded to allow for T1 equilibration effects. Conventional preprocessing steps were used in the Statistical Parametric Mapping (SPM8) software package (Wellcome Trust Centre for Neuroimaging, London www.fil.ion.ucl.ac.uk/spm). Briefly, images were temporally corrected to account for differences in slice time collection, spatially realigned to the first image of the first run, normalized to a Montreal Neurological Institute (MNI) template, resampled to 2 ×2 × 2 mm voxels, and smoothed with an 8 mm isotropic Gaussian kernel. 
fMRI analyses
RESULTS
Participants
Seventy-eight patients (70.5% [n = 55] female) had mean ± SD age of 26.3 ± 7.0 and educational level of 15.9 ± 2.9. Regarding primary diagnosis 38 patients (48.7%) met criteria for gSAD, 19 (24.4%) had MDD, and 21 (26.9%) presented with GAD. Comorbid diagnoses included gSAD (25.6%), GAD (21.8%), MDD (19.2%), posttraumatic stress disorder (12.8%), and dysthymia (12.8%). Twenty-seven patients (34.6%) had two or more comorbid disorders. See Table 1 for all concurrent disorders and clinical and demographic characteristics. All but three patients were free of psychotropic medications and none were receiving concurrent psychotherapy.
Sleep quality characteristics
PSQI results revealed patients had a mean ± SD global score of 8.6 ± 3.7 and that the majority of patients met criteria for problematic sleep as 74% (n = 58) had a PSQI global score >5 (Buysse et al., 1989) .
Regarding objective sleep, the actigraph device was worn for an average of six consecutive days and nights and the rate of rejection of actigraph nights due to ambiguity or artifact was 6% on average (SD = 10.7). Concerning simultaneous sleep diaries, 62 of 78 participants were compliant. Actigraphy values showed average sleep efficiency was 83.1 ± 9.2%, duration was 6.6 ± 0.95 hr, and WASO was 32.8 ± 17.0 min. Findings are generally consistent with insomnia, which is commonly associated with sleep efficiency <85%, duration <6.5 hr, and/or WASO >30 min (Schutte-Rodin, Broch, Buysse, Dorsey, & Sateia, 2008) . While both subjective and objective measures of sleep signified poor sleep quality across patients, the PSQI global score did not correlate with actigraphy estimates of sleep efficiency (r = −0.11, P = .34), duration (r = 0.04, P = .76), or WASO (r = 0.07, P = .54).
Sleep measures and symptom relationships 3.3.1 Subjective
Evaluation of associations between the PSQI and symptom severity revealed the PSQI global score positively correlated with HAM-D (r = 0.44, P < .001) and HAM-A total scores (r = 0.39, P < .001).
Objective
Regarding actigraphy, HAM-D total scores were negatively associated with sleep efficiency (r = −0.26, P < .02) and positively correlated with WASO (r = 0.25, P < .03). There was no relationship between HAM-D and sleep duration (r = 0.02, P = .85). Also, no relationships were observed between HAM-A total scores and sleep efficiency (r = −0.04, P = .76), WASO (r = −0.02, P = .87), or sleep duration (r = 0.04, P = .75). 
Subjective affective ratings in fMRI
Sleep measures and subjective affective ratings in fMRI
Pearson's correlations failed to show significant relationships between subjective and objective measures of sleep quality and "on-line" affective state ratings in Reappraise (>Maintain); lowest P = .18.
fMRI results
Subjective/PSQI
Controlling for primary diagnosis in Reappraise (>Maintain), the log- 
Objective/actigraphy sleep efficiency
Controlling for primary diagnosis in Reappraise (>Maintain), log- Regression analysis for actigraphy estimates of WASO and sleep duration revealed no significant effects in Reappraise (>Maintain) when controlling for diagnosis.
DISCUSSION
To our knowledge this is the first study to examine the impact of naturalistic sleep on reappraise-related neurofunctional activity in a transdiagnostic sample of depressed and anxious patients. Regarding sleep However, despite evidence these measurements yielded comparable results insofar as discerning sleep disturbance was concerned, no significant relationships between the PSQI global score and objective/actigraphy measures were found. Therefore, it is reasonable to expect that differences between the PSQI global score and actigraphy indices of sleep would occur at the neural level. A validated emotion regulation paradigm was used to examine the influence of sleep quality on brain activity when reappraising aversive images relative to experiencing naturally the emotional state evoked by negative images (i.e., "Maintain" condition). Affective ratings during fMRI confirmed patients were able to reduce negative affective state when instructed to reappraise. No significant correlations between affective state and sleep measures were observed suggesting sleep quality did not factor into self-reported regulation ability.
In support of our hypothesis, regression analysis with the PSQI global score revealed worse sleep was linked with less reappraiserelated frontal activation. Specifically, DACC activity negatively corresponded with the PSQI global score when controlling for primary diagnosis. Notably, a similar PSQI-frontal relationship was reported in a previous emotion regulation study in healthy participants (Minkel et al., 2012) . Thus, problematic sleep-regulation effects may occur in clinical and nonclinical populations potentially vulnerable to experiencing excessive/inappropriate negative mood given ties between poor sleep and risk of affective conditions (Ford & Kamerow, 1989; Gillin, 1998; Gregory et al., 2005) .
Regarding actigraphy, sleep efficiency was the only measure to yield significant whole-brain regression findings, controlling for primary diagnosis. Sleep efficiency, commonly defined as the ratio of sleep duration to time spent in bed, plays a central role in insomnia (Reed & Sacco, 2016) , which is consistent with the type of sleep difficulty observed in our patient sample. Broadly, the DACC is part of a network encompassing cognitive, motor (i.e., action) execution, and related functional systems (Bush, Luu, & Posner, 2000; Etkin et al., 2011) . Relevant to our findings is the role DACC plays in automatic and controlled processes that underlie cognitive control (Shenhav, Botvinick, & Cohen, 2013) . Regarding automaticity, the DACC engages multiple subprocesses (e.g., attention, planning, working memory) to carry out goal-directed activities (Niendam et al., 2012) , and these subprocesses are vulnerable to sleeprelated decrements. For example, in studies of sleep restriction, impairment resulting from sleep loss has been shown to fall on a continuum where basic tasks (e.g., simple attention) are more negatively affected by less sleep than complex ones (Lim & Dinges, 2010 (Niendam et al., 2012) . Put another way, the subjective sleep-DACC relationship suggests a deficient or inefficient response.
Conversely, evidence more DACC activity was predicted by less sleep efficiency implies a compensatory response that may pertain to controlled functions. For example, demanding situations (e.g., inhibiting response bias, set-shifting) recruit the DACC (Petersen & Posner, 2012; Shackman et al., 2011; Venkatraman & Huettel, 2012) . Anxious and/or depressed patients are characterized by emotion dysregulation (Zilverstand, Parvaz, & Goldstein, 2016) and problematic sleep as observed in our cohort. Therefore, reappraisal would present as an effortful task. As a result, enhanced DACC recruitment may be motivated by the taxing nature of reappraising mood-congruent (i.e., negative) stimuli to reduce negative affective state. Certainly, further study is necessary to understand interactions between subjective and objective sleep measures and DACC activity during emotion regulation. (Shenhav et al., 2013) Discrepancy between self-reported sleep and actigraphically recorded sleep were also evident in relation to symptom severity.
Whereas the PSQI global score positively correlated with depression and anxiety symptoms, relationships with actigraphy were circumscribed. Namely, depression symptoms negatively corresponded with sleep efficiency and were positively associated with wake after sleep onset. However, no relationships between actigraphy estimates of sleep and anxiety symptoms emerged and sleep duration was uncorrelated with symptom severity. Potentially, the PSQI more closely relates to the psychological component of sleep symptoms, hence, its robust associations with depression and anxiety symptoms.
In summary, findings have important implications in our understanding of sleep-emotion regulation interactions in clinical depression and anxiety disorders. First, at the behavioral level no significant relationships between self-report and actigraphy sleep measures were detected. Results are consistent with previous reports of disagreement between subjective and objective sleep measurements (Girschik et al., 2012; Mccall & Mccall, 2012; O'Brien et al., 2016; Van Den Berg et al., 2008; Van Ravesteyn et al., 2014 ) and suggest these approaches capture different aspects of the sleep experience. For example, the PSQI global score is frequently associated with psychological symptoms (e.g., depression, anxiety) suggesting a form of "hyperarousal" may contribute to both problematic sleep and distress/misery Perlis, Smith, & Pigeon, 2005) .
Extending this conceptualization to our neuroimaging data, it is plausible that the divergent reappraise-related DACC findings where worse self-perceived sleep and better objective sleep efficiency both negatively corresponded with DACC activation reflect orthogonal dimensions of sleep symptoms. Variation in DACC activity, a region strongly involved in cognitive reappraisal (Buhle et al., 2014; Messina et al., 2016) , may be explained by individual differences related to psychological factors and objective sleep-wake patterns when engaging in a cognitive approach to downregulate emotional reactivity to negative cues.
Furthermore, findings support the notion that sleep dysfunction is transdiagnostic and etiologically linked to various forms of psychopathology due in part to shared neurobiology between sleep systems and emotion regulation (Cox & Olatunji, 2016; Harvey, Murray, Chandler, & Soehner, 2011) . That said, there was no comparative healthy control group or cohort comprising participants with sleep dysfunction but not psychopathology. Thus, further study is needed to disambiguate sleep-emotion regulation neurofunctional activity from psychopathology.
Other important limitations include the cross-sectional and correlational nature of our study, which does not permit inference that sleep disturbance led to altered regulatory brain function or vice versa. Second, we did not screen for sleep disorders. Third, 21% did not complete a sleep diary when actigraphy data were collected, therefore, sleep onset/offset could not be confirmed in these participants. Fourth, actigraphy involved 15-s epochs. Though limited research suggests this time window is consistent with "gold standard" polysomnography sleep measures (Mantua, Gravel, & Spencer, 2016) , earlier studies were validated with 30-s epochs (Marino et al., 2013) . Lastly, there was no direct manipulation of sleep, therefore, results rely on indirect estimates of sleep quality.
CONCLUSIONS
Results suggest perceived sleep quality differs from objective parameters of sleep at the brain and behavioral level. Additionally, shared neurobiological substrates in sleep and cognitive reappraisal may explain disturbances in emotion regulation across anxiety and depression and thus could serve as a transdiagnostic target for therapeutic strategies (Harvey et al., 2011) . Runa Bhaumik who provided biostatistical consultation.
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